Quantum magnetic topological states combining the topological anomaly and magnetic order, such as quantum anomalous Hall (QAH) states, topological axion insulating states, and magnetic Weyl states, emerge rich exotic quasiparticles with or without counterparts to mimic real particles in universe, of which further in-deep studies and potential applications, such as the prestigious quantum device, are extremely limited by the lack of suitable intrinsic magnetic topological insulators (MTIs). Here, we grow single crystals of the Mn(Sb,Bi)2Te4 family as part of a search for intrinsic MTIs, and by combining the angle-resolved photoemission spectroscopy, low-temperature transport, and first-principles calculations, we investigate the band structure, transport properties, and magnetism, as well as the evolution of topological anomaly in this family of materials. All the materials could be exfoliated to produce two-dimensional flakes. Taking careful consideration of the multiple transition processes of charge carriers, magnetization, and topology, we conclude that there exists an ideal MTI zone in the Mn(Sb,Bi)2Te4 phase diagram, hosting a potential high-temperature QAH effect, as well as possible for device applications.
Introduction
Recently, research on topological phases has created a surge of interests with fruitful achievements in condensed matter physics and material science. Combination of topology and magnetism reveals more interesting topological phases, in which various quasiparticles with or without counterpart particles in universe can be simulated in condensed matters, for example, quantum anomalous Hall states, topological superconducting states, topological axion insulating states, and Weyl semimetallic states, etc [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Despite intense efforts, this research is still in its early stage due to obstacles in the material platforms. In particular, magnetic topological insulators (MTIs), which are expected to reveal quantum anomalous Hall effects (QAHE) and topological axion insulating states, are extremely rare. Previous efforts have been made to study magnetic impurity doping of topological materials or the proximity effect in magnetic heterostructures of topological materials and magnetic insulators [13] [14] [15] [16] [17] [18] [19] [20] [21] , where the magnetic effect is weak. Generally, the increased dopants may increase the exchange field while harming sample quality and decreasing the electronic mobility [22] [23] [24] [25] [26] [27] [28] [29] . Therefore, most exotic topological quantum states including QAHE are only observable at extremely low temperatures, or even have yet to be observed experimentally 13, 16, 27 . For potential practical applications, such as the next generation of high-speed, dissipationless electronic/spintronic devices, have been highly problematic, it is a key priority to search for the ideal intrinsic MTI material for this community. Of late, the newly discovered MnBi2Te4 has provided some inspiration, having been established as an intrinsic MTI with spontaneous antiferromagnetic (AFM) magnetization 30, 31 . Because manganese is one component of the crystal, it does not suffer from problems caused by magnetic doping.
Theoretical calculations show that QAHE states may arise in MnBi2Te4 thin film and the QAHE gap is almost 50 ~ 80 meV, which is much larger than it is for the previous magnetically doped topological insulators, pointing to a higher observational temperature for the QAHE 30, 32 . In addition, MnBi2Te4 is a promising platform for topological axion insulators and Weyl semimetals 30, 31 . However, synthesized
MnBi2Te4 samples always show heavy n-type doping, and the Fermi level lies in the bulk conduction bands; in other words, the transport is dominated by bulk carriers [33] [34] [35] [36] .
For an ideal MTI, topological nature, bulk carrier suppression, and spontaneous magnetization are three important aspects that must be satisfied simultaneously. Thus, with pure MnBi2Te4, it is still not possible to fabricate devices meeting the requirements of exotic magnetic topological properties including QAHE.
We grew serial single crystals of the Mn(Sb,Bi)2Te4 family, and searched for the desired intrinsic MTI in this family for the first time. By combining angle-resolved photoemission spectroscopy (ARPES), low-temperature transport, and first-principles calculations, we were able to investigate systematically several physical transition processes including n-p carrier transition, magnetic transition, and topological phase transition in this family of materials. We discovered that the Fermi level of Mn(SbxBi(1-x))2Te4 can be tuned from the conduction bands to the valence bands by adjusting the atomic ratio x of bismuth to antimony. The Fermi level lies near the bulk gap when x ~ 0.3. The sample with x = 0.3 displays the highest resistivity, and an n-p carrier transition occurs near this atomic ratio. Theoretical calculations reveal that the topological inverted gap of Mn(SbxBi(1-x))2Te4 holds when x < 0.55. We believe that an optimized zone can be found in the Mn(Sb,Bi)2Te4 phase diagram, thereby achieving an intrinsic MTI combining topological non-triviality, spontaneous magnetization, and bulk carrier suppression. This promises an ideal platform for the realization of novel topological phases such as high-temperature QAHE and topological axion states. The existence of rich physical property transitions in this family also implies a demand for further in-deep studies pointing to the exploitation for potential applications.
Demonstrating topological nontrivial states in the crystals at x = 0
We investigate the whole family of Mn(Sb,Bi)2Te4 materials, starting from crystals with x = 0. It has a layered rhombohedral crystal structure with the space We undertook ARPES measurements on the x = 0 samples. Tuning the n-p carrier compensation by increasing x from the topologically nontrivial zero end
In the data presented above, though the band features of the x = 0 crystal match the theoretical calculations, the position of the Fermi level is far from expectation.
This is because heavy n-type doping is induced during the synthesis, and the Fermi level lies in the bulk conduction band. Such an unintentional doping effect also occurs in the samples grown by molecular beam epitaxy and the melting method [34] [35] [36] , preventing the material (x = 0) from being an ideal MTI for QAHE measurements.
Inspired by some previous successes [38] [39] [40] [41] [42] , we investigated the whole Mn(Sb,Bi)2Te4
family by increasing the value of x in the search for the ideal bulk-insulating MTI. 
Evolution of antiferromagnetism of the material family
Apart from bulk carrier suppression, another precondition for the QAHE is spontaneous magnetization, thus it is necessary to investigate systematically the magnetism of the material family. We used a vibrating sample magnetometer (VSM) in a physical property measurement system (Quantum Design) to measure the magnetization of samples with different values of x. Fig. 3a shows the field-cooled (FC) and zero-field-cooled (ZFC) curves of four samples for x = 0 to 0.5. The FC and ZFC curves of each sample perfectly overlap with each other and a peak near 25 K can be identified, indicating an AFM transition in all four samples from x = 0 to 0.5.
In the transport measurements of ρxx (as well as in ρxy discussed above in Fig. 2d ), two types of 'kink' feature (in Fig. 3b , marked by the arrows and triangles, respectively) can be identified near B = 3 T and 7 T respectively in all four samples. This can be explained by an AFM to canted-AFM (CAFM) transition (Hc1 ~ 3 T) and a CAFM to FM transition (Hc2 ~ 7 T) caused by the external magnetic field 35 . One further phenomenon of interest is that when increasing the magnetic field, the resistivity of the sample with x = 0.25 jumps upwards at the first kink near Hc1 ~ 3 T, which is the opposite of the case for the other three samples. The reasons for this are worthy of further study, and may be attributable to the different magnetic coupling mechanisms between the sample with strong metallic behavior and that with the Fermi level near the band gap [43] [44] [45] . Fig. 3c summarizes the results of Néel temperature extracted from the magnetization data in Fig. 3a and the corresponding critical field for the kink (Hc1, Hc2) in Fig. 3b . Both the TN and the critical field decrease with increasing x, indicating the weaker AFM coupling in samples with higher x. However, the increase in antimony does not much affect the order of AFM because TN only decreases by 2.6 K in the sample for x = 0.5 compared with the one for x = 0. We therefore believe that the magnetic transition point from AFM to paramagnetism in Mn(Sb,Bi)2Te4 lies outside the range studied here, and spontaneous magnetization of the synthesized Mn(Sb,Bi)2Te4 samples could still apply. We also exfoliated the crystals to form some thin flakes. We successfully detected the ferromagnetism in some thin flakes with odd layer numbers of SL since the anomalous Hall signals with hysteresis loop is clear (Fig. 3e ) and the coercive field decreases continuously along with the increasing of temperature (Fig. 3f) . While in the flakes with even layer numbers of SL, the anomalous Hall signal is absent as expected (Fig. 3d) .
The phase diagram of the multiple transition processes in this family
As shown above, the bulk carrier contributions of the Mn(Sb,Bi)2Te4 family studied here can be successfully suppressed and the crystals have similar antiferromagnetic interlayer coupling. However, special attention should be focused on the fact that a higher value of x reduces the strength of the spin orbital coupling of the materials, which is the origin of the topological transition and the band inversion.
To verify our observations, we calculated the band structures of Mn(Sb,Bi)2Te4 
